Summary:
In order to examine the fine structure of the lingual dorsal surface of the beagle dog, scanning electron microscopy was performed after removing the extracellular attached substance from the lingual surface by acid hydrolysis.
In this species, filiform papillae were found to be closely distributed over the entire dorsal surface of the tongue. On the apical surface, some conical twigs encircled the baso-frontal dome-shaped bulge from the back, semicircularly. Towards the middle area of the body, the bulge of the filiform papillae became gradually smaller and flatter. Only the central twig became gradually larger and the other twigs became smaller. Fungiform papillae were scattered among these filiform papillae.
Clear microridges
were distributed on the baso-frontal area of the filiform papilla and the interpapillar epithelial surface. However, microridges were barely recognized on the twigs of the filiform papilla.
Varibus types of papillae, such as filiform, fungiform, foliate and circumvallata papillae, are located on the lingual dorsal surface of mammals. The histological structure of these papillae has been investigated light microscopically and transmission electron microscopically in a few mammalian species (Kutuzov and Sicher, 1951; Kato and Kushida, 1965; Farbman, 1970; Steflik et al., 1983) . Also, there have been relatively many studies on the three dimensional micro-anatomy of the lingual papillae by scanning electron microscopy (Svejda and Skach, 1971; Yoshioka and Muto, 1975 , 1976; Kessel and Kardon, 1979; Shimizu et al., 1979; Kobayashi and Shimamura, 1982; Steflik et al., 1983; Iwasaki et al., 1983 Iwasaki et al., , 1984a . One aim of the present study was to examine the three dimensional structure of the filiform, fungiform and circumvallate papillae of beagle dogs, of the order Carnivora, since very few scanning electron microscopic studies have been made on this order.
It has recently become possible to observe the intact cell surface by scanning electron microscopy in a better condition than formerly due to advances in the removal of extracellular material from the dorsal surface of the tongue (Iwasaki et al., 1983 (Iwasaki et al., , 1984a . In the present study, scanning electron microscopy wasalso used to investigate the ultrastructure of the real surface of lingual dorsal epithelial cells.
Materials and Methods
Tongues from four male and four female beagle dogs weighing 8 kg to 11 kg were 1 used. The tongues were removed from the animals under Nembutal anaesthesia and immersed in Karnovsky fixative. After rinsing in 0.1 M cacodylate buffer, the materials were post-fixed in phosphate-buffered 1% osmium tetroxide solution at 37°C for 2 hours, and treated with 8 N hydrochloric acid at 60°C for 30 minutes to remove extracellular attached material by acid hydrolysis. This was followed by dehydration, critical point drying and gold-ion sputtering in that order. Finally, the specimens were observed by scanning electron microscopy.
Observations
The tongue of the beagle dog is relatively long with a round tip and has a sulcus along the median line from the apex to the radix, macroscopically. Filiform papillae were found to be distributed over the entire dorsal surface. Two or three circumvallate papillae on each side were observed at symmetrical sites in the posterior area of the tongue (Fig. 1) . At lower magnification of the apex by scanning electron microscopy ( Fig. 2) , all of the filiform papillae were seen to be slightly inclined towards the back. Each filiform papilla had a dome-shaped bulge in the baso-frontal area and some conical twigs were arranged semicircularly from the back of the bulge. Among these conical twigs, the central twig was longer and larger than the others. The basal diameter of this papilla was about 150 bon, and its height was 200 to 300 pm. The margin of each cell constructing the papillar surface was clearly recognizable (Fig. 3) . At lower magnification of the body (Fig. 4) , all of the filiform papillae were seen to be inclined towards the back, and on both sides adjacent to the median sulcus, the filiform papillae were slightly inclined towards the sulcus. Each filiform papilla measured 200 to 300 gm in basal diameter and 300 to 400 p.m in height. Fungiform papilla were scattered among these filiform papillae. The diameter of the fungiform papilla was 300 to 400 pm. In each filiform papilla of this area, the bulge in the base-frontal area was not so distinct, and changed to a flat slope. Among the twigs, the central twigs became larger and longer than those in the apex, and the other twigs became smaller than those in the apex (Fig. 5) . The margin of each cell constructing the papillar surface was again clearly recognizable. On the lateral surface of the tongue, the form of the filiform papillae was somewhat different from that on the dorsal surface (Fig. 6 ). In this area, the posterior middle twig of the filiform papilla was the largest. However, other twigs around the slope were longer than those in the dorsal area. Each filiform papilla measured 300 to 400 pm in basal diameter and 600 to 700 pro in height. Fungiform papillae scattered among the filiform papillae had a small pit in the center of the head (Fig. 7) . Circumvallate papillae were encircled by filiform papillae in the posterior body. In this area, each filiform papilla had a narrow region of baso-frontal slope and a conical protrusion in the center. Other small twigs were rarely seen (Fig. 8) . Each papilla measured about 300 pm in basal diameter and 400 to 500 pm in height.
Clear microridges with a network pattern were widely distributed on the interpapillar surface and baso-frontal slope of the filiform papillae ( Fig. 9 ). Marginal thickening of cells was also distinct in these areas. The middle surface of the largest twig of the filiform papilla revealed abundant pits and hollows. Cell marginal thickening was also distinct in this area (Fig. 10) . The surface of the largest twig of the filiform papilla exhibited a plane structure with indistinct hollows. Cell marginal thickening was not so clear in this case (Fig. 11 ). Clear microridges with a network pattern were also distributed on the surface of circumvallate papillae (Fig. 12 ). Horizontal cut surfaces of the largest twig of the filiform papilla revealed abundant flat cells piled circularly. Some cells located in the center of a conical twig on the horizontal cut surface included many pits (Fig.  13 ). Microridges were widely distributed not only on the outer surface but also on the inner surface of cells in the cut surface of the interpapillar epithelium near the free surface (Fig. 14) . The outline of the lower layer cells of the interpapillar epithelium was a flattened ellipse, and had remarkable protruding microdidge-like structures on both the outer and inner surfaces (Fig.  15 ).
Discussion
Scanning electron microscopic studies on the lingual papillae of mammals have been performed in rats (Svejda und Skach, 1971; Yoshioka and Muto, 1976; Kessel and Kardon, 1979; Shimizu et al., 1979; Iwasaki et al., 1984a) , mice (Yoshioka and Muto, 1975; (Shimizu et al., 1979) , mongolian gerbils (Iwasaki et al., 1984b) , musk shrews (Iwasaki et al., 1983) , bats (Kobayashi and Shimamura, 1982) , cows (Steflik et al., 1983) and mongooses (Iwasaki et al.,1984c) . In rats, mongolian gerbils and bats, some different types of filiform papillae were distributed on restricted areas of the lingual dorsal surface. In musk shrews and mongooses, on the other hand, the filiform papillae were gradually transformed from the apex to the posterior body. The present study on beagle dogs indicated that the shapes of the filiforrn papillae were somewhat different in definite areas of the lingual dorsal surface-that is, papillae with a distinct bulge and some twigs in the lingual apex, papillae with a distinct slope, a large twig and some small twigs in the anterior body , and papillae with a narrow indistinct slope and large twigs in the posterior body-and that these changes, however, arose gradually from the apex to the posterior body. This transformed pattern of filiform papillae in beagle dogs was the same as that in musk shrews (order Insectivora) and mongooses (order Carnivora) but different from that in rats and mongolian gerbils (order Rodentia) and bats (order Chiroptera). Nevertheless, further observations are needed to clarify the detailed relationships between the distribution patterns of filiform papillae and taxonomical classification of mammals.
It has recently been reported that microridges were widely distributed on the oral epithelial surface in relation to keratinization (Cleaton-Jones and Fleisch, 1973; McMilan, 1974 McMilan, ,1979 Cleaton-Johnes, 1975; Appleton and Heaney, 1977) : However, there have been few reports on the fine structure of the lingual dorsal epithelial surface by scanning electron microscopy since it proved difficult to observe the real surface due to the mucous covering it, especially on the interpapillar surface. In the present study, the same method as employed in musk shrews (Iwasaki et al., 1983) , rats (Iwasaki et al., 1984a) , mongolian gerbils (Iwasaki et al., 1984b) and mongooses (Iwasaki et al., 1984c) involving osmium post-fixation and hydrochloric acid treatment was used to remove the extracellular mucous substance without damaging the cell surface itself. By this method, the epithelial cell surface could be observed in a better condition, not only for the papillar surface but also for the interpapillar one. The results of the present study indicated that microridges were well developed on the surface of the papillar baso-frontal and interpapillar areas in beagle dogs as in musk shrews and mongooses. From this stand point, it may be concluded that the fine structures of the lingual dorsal surface in these species, belonging to the orders Carnivora and Insectivora, were different from those in animals belonging to the order Rodentia. This difference could be based on the degree of keratinization of the epithelial cells. However, more detailed is needed to test whether the above-mentioned tendency is also applicable to other species of each order.
Fahrenbach and Knutson (1975) proposed that microridges represented an adaptational structure of the epithelial cells to friction, while Sperry and Wassersug (1976) reported that microridges might play a role in holding mucus and appeared to facilitate the spread of mucus. Our present and former studies (Iwasaki et al., 1983 (Iwasaki et al., , 1984a have shown that the filiform papillar surface, the keratinization of which is histologically stronger than that of other areas (Cane and Spearman, 1969; Farbman, 1970; Baratz and Farbman, 1975) , does not have clear microridges in rats, mongolian gerbils, musk shrews, mongooses and beagle dogs. Thus, microridges do not necessarily occur in adaptation to friction since fillform papillae take the strongest friction on the lingual surface. Based on these findings, it is considered that microridges may appear in the course of keratinization of the epithlial cell and disappear when the keratinization has become stronger than a certain degree. The relationship between the microridges and intracellular structures represents a further problem. As suggested previously by Sperry and Wassersug (1976) , the data obtained in the present study may also indicate that microridges are an adaptive structure involved in the holding and spread of mucous on the epithelial cell surface. , 24 : 4 71-480 , 1983 (Japanese with English summary). 9) Iwasaki, S., Miyata, K., Mori, H., Sakata, K.
and Kobayashi, K. : Fine structure of the lingual dorsal surface in rats. Acta Anat. Nippon., 59 : 18-27, 1984a (Japanese with English summary). 10) Iwasaki, S., Sakata, K., Miyata, K., Mori, H. and Kobayashi, K. : Fine structure of the lingual dorsal epithelium of mongolian gerbil. Jpn. J. Oral Biol., 26 : 292-296, 1984b 11) Iwasaki, S., Takahashi, M., Miyata, K., Sakata, K. Lower magnification of the apex by scanning electron microscopy. All of the filiform papillae are slightly inclined towards the back. X 90. Lower magnification of the body by scanning electron microscopy . All of the filiform papillae are inclined towards the back, and on both sides adjacent to the median sulcus , they are slightly inclined towards this sulcus. Each filiform papilla measures 200 tO 300 ,um in basal diameter and 300 to 400 um in height. A fungiform papilla is seen among these filiform papillae . The diameter of this fungiform papilla is about 300 um. X44. Higher magnification of Fig. 4 , The bulge (Bu) in the baso-frontal area of the filiform papilla is not so distinct and a flat slope is formed in this area instead. The central twig (asterisk) becomes larger and longer than that in the apex, and other lateral ones (thick arrows) become smaller than those in the apex. The margins of each cell (thin arrows) constructing the papillar surface are also clearly recognizable. X 280. Filiform papillae on the lateral surface of the tongue. The posterior central twig (thick arrows) of the filiform papilla is the largest. Other twigs (thin arrows) around the slope are longer than those in the dorsal area. Each filiform papilla measures 300 to 400 Am in basal diameter and 600 to 700 m in height. X 120. Circumvallate papilla and filiform papillae located on the posterior body. Each filiform papilla has a narrow region of baso-frontal slope (thin arrows) and a conical protrusion (thick arrows) in the center. Other small twigs are barely seen. X 44. Higher magnification of the interpapillar surface on the body. Clear microridges with a network pattern are widely distributed. Marginal thickening of cells (arrows) is also distinct. X 4200. Abundant pits (thin arrows) are distributed on the surface. Cell marginal thickening (thick arrows) is also distinct. X 3200. 
